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Description 



CREATING INCREASED MOBILITY IN A 
BIPOLAR DEVICE 

Background of Invention 

[0001] The invention relates to semiconductor device fabrication 
and, more particularly, to techniques for enhancing the 
performance of bipolar devices. 

[0002] A bipolar device is a semiconductor device, the operation 
of which is based on the use of both majority and minority 
carriers (also referred to as "charge carriers"). The major- 
ity and minority carriers are either electrons or holes, de- 
pending on the polarity of the device. 

[0003] An example of a bipolar device is the bipolar junction 
transistor (BJT) which is a transistor having three semi- 
conductor regions referred to as emitter, base and collec- 
tor. The emitter is a very high conductivity region which 
acts as a source of free carriers which are injected into the 
adjacent base region. The collector is a region which col- 
lects carriers from the base. The base region is sand- 



wiched between the emitter and collector regions and 
generally controls the flow of free carriers between the 
emitter and the collector. A lesser flow of carriers of op- 
posite polarity to those flowing from emitter to collector 
flows from the base to the emitter. 

[0004] A conventional BJT is fabricated using one semiconductor 
material (Si) with differently doped regions. A heterojunc- 
tion bipolar transistor (HBT) utilizes more than one semi- 
conductor material, taking advantage of the different 
properties (e.g., bandgap) of the different materials - for 
example, SiGe in combination with Si. The additional 
(other than Si) material is formed as an epitaxial layer, 
typically using MBE (molecular beam epitaxy), RTCVD 
(rapid-thermal chemical vapor deposition), or LPCVD 
(low-pressure chemical vapor deposition) techniques. 

[0005] A bipolar transistor comprises an emitter layer (or region) 
containing an impurity of a first conductivity type, a base 
layer (or region) containing an impurity of a second con- 
ductivity type, and a collector layer (or region) containing 
the impurity of the first conductivity type. 

[0006] Bipolar transistors are typically of two distinct types, or 

polarity - either n-p-n (having n-type emitter and collec- 
tor, and having p-type base), or p-n-p (having p-type 



emitter and collector, and having n-type base). 

[0007] jhe "type" (p or n) is determined by impurities which are 
implanted or deposited during epitaxy into the semicon- 
ductor material. The impurity for p-type is boron (B) and 
for n-type, phosphorous (P), arsenic (As), antimony (Sb). 

[0008] For a n-p-n type bipolar transistor, the free carriers in- 
jected from the emitter are electrons, and the carriers 
flowing from the base to emitter are holes. For a p-n-p 
type bipolar transistor, carrier types are the opposite. Of- 
ten, electrons are preferred as the majority charge carriers 
rather than holes, since for carrier mobility (pi) M > M . 

n p 

and for saturation velocity (v) v > v . Hence, n-type bipo- 

n p 

lar devices are typically preferred, where possible. 
[0009] FIG. 1 illustrates, generally, an n-p-n type BJT of the prior 
art comprising a neutral emitter, a neutral collector, and a 
neutral base disposed between the neutral emitter and 
neutral collector, illustrating the path of electrons from 
neutral emitter to neutral collector, via the base, and illus- 
trating the path of holes from the neutral base to the neu- 
tral emitter. An emitter-base space charge layer (region) is 
formed between the neutral emitter and the neutral base. 
A base-collector space charge layer (region) is formed be- 
tween the neutral base and the neutral collector. (For a p- 



n-p polarity BJT holes traverse between neutral emitter 
and neutral collector and electrons traverse between neu- 
tral base to neutral emitter.) 

[0010] Lattice strain is known to affect carrier mobility and satu- 
ration velocity. Various methods have been shown to 
cause strain in field effect transistors (FETs). For instance, 
films which cause tensile strain in the direction of current 
flow (and sometimes in the direction perpendicular to the 
direction of current flow) can improve the electron mobil- 
ity and saturation velocity in FETs. It should be under- 
stood that FETs operate fundamentally differently than 
BJTs. For one thing, there is charge flow in only one direc- 
tion, which is parallel to the wafer surface. In addition, 
FETs have a single carrier (electrons for NFET and holes 
for PFET), and so the application of lattice strain is 
straightforward to create strain in principally one direction 
for the single carrier type. 

[0011] Some examples of employing strain techniques in FETs 
can be found in the following articles: 

[0012] "A 90nm High Volume Manufacturing Logic Technology 
Featuring Novel 45nm Gate Length Strained Silicon CMOS 
Transistors", T. Chani et al., Portland Technology Devel- 
opment, Intel Corp., Hillsboro, OR, 0-7803-7873 3/03 (c) 



2003, IEEE describes the details of a strained transistor 
architecture which is incorporated into a 90nm logic tech- 
nology on 300mm wafers. 

[0013] The strained PMOS transistor structure features an epitax- 
ially grown strained SiCe film embedded in the source 
drain regions. Dramatic performance enhancement rela- 
tive to unstrained devices are reported. Ghani Fig. 1 
shows a PMOS transistor with a strained epitaxial SiGe film 
embedded into the source drain region to induce com- 
pressive strain in the channel region. 

[0014] "Enhanced Hole Mobilities in Surface-channel Strained-Si 
p-MOSFETs", K. Rim et al, Solid State Electronics Labora- 
tory, Stanford University, Stanford, CA 94305, 
0-7803-2700-4 , (c)1995, IEEE describes the strain de- 
pendence of the hole mobility in surface-channel p- 
MOSFETs employing pseudomorphic, strained-Si layers. 
The hole mobility enhancement is observed to increase 
roughly linearly with the strain as the Ge content in the 
relaxed Si Ge buffer layer increases. 

l-X X ' 

[0015] "Fabrication and Mobility Characteristics of Ultra-thin 

Strained Si Directly on Insulator (SSDOl) MOSFETs", K. Rim 
et al, , T.J. Watson Research Center, Yorktown Heights, 
NY 10598 0-7803-7873 3/03, IEEE discloses a tensile- 



strained Si layer transferred to form an uitra-tliin (<20 
nm) strained Si directly on insulator (SSDOl) structure. 
MOSFETs were fabricated, and electron and hole mobility 
enhancements were demonstrated on strained Si directly 
on insulator structures with no SiGe layer present under 
the strained Si channel. 
Summary of Invention 

[0016] Circuits benefit from ever increasing performance of the 
transistors. As mentioned above, MOSFET devices are 
finding increased performance from strained silicon lat- 
tice, which improves low field carrier mobility and thus the 
drive current in those devices. However, to the inventors' 
knowledge, strain has not yet been engineered into bipo- 
lar devices for increased performance. Wherein there are 
many methods so far described to impart strain into MOS- 
FET devices, this field is largely unexplored for bipolar de- 
vices. 

[0017] Bipolar device (BJT) performance is partly limited by carrier 
transit time through the space-charge regions and 
through the neutral base. Low field mobility and satura- 
tion velocity enhancements will benefit this transit time. 
The performance is also limited by extrinsic resistances in 
the base, emitter and collector regions. These resistance 



values are dominated by low field electron and hole mo- 
bility and will be affected by strain in the device. Com- 
pressive strain will benefit hole mobility, and tensile strain 
will benefit electron mobility. Applied in the correct loca- 
tions in the device, strain will significantly improve per- 
formance. 

[0018] Referring to FIG. 1, the performance of an n-p-n transis- 
tor could benefit from improving hole mobility in the lat- 
eral direction and improving electron mobility in vertical 
direction. In the opposite polarity case, a p-n-p transistor 
could benefit from improving electron mobility in the lat- 
eral direction and improving hole mobility in vertical di- 
rection. 

[0019] According to the invention, generally, for an n-p-n BJT 

hole mobility in the lateral direction is improved by creat- 
ing lateral compressive strain, and electron mobility in the 
vertical direction is improved by creating vertical tensile 
strain. For a p-n-p BJT electron mobility in the lateral di- 
rection is improved by creating lateral tensile strain, and 
hole mobility in the vertical direction is improved by cre- 
ating vertical compressive strain. 

[0020] In the main hereinafter, n-type (n-p-n) bipolar devices 
which are BJTs are discussed. 



[0021] According to the invention, generally, tensile strain is ap- 
plied to the intrinsic portion of the device (including the 
emitter, base and collector) in the direction of electron 
flow (vertical in the diagrams), and compressive strain is 
applied in the direction of hole flow (lateral in the dia- 
grams), because holes flow principally in this direction 
within the base layers and improved hole mobility with 
compressive strain beneficially affects the resistance of 
the base terminal. 

[0022] According to the invention, generally, a structure is 

formed wherein a tensile strain is applied in the intrinsic 
base of the device through an overlaying compressive 
stress nitride film. 

[0023] This improves the intrinsic base resistance through en- 
hanced hole mobility as described above. This also in- 
duces a vertical tensile strain in the direction of electron 
flow under the emitter of the device, enhancing the device 
electron flow and improving the electron transit time and 
emitter and collector access resistances. 

[0024] According to the invention, a method of increasing mobil- 
ity of charge carriers in a bipolar device comprises the 
steps of: creating tensile strain in the device to increase 
mobility of electrons in the device, and creating compres- 



sive strain in tlie device to increase mobility of lioles in 
tlie device. Tlie device is suitably a BJT. For a BJT which is 
an n-p-n transistor, hole mobility is increased in a lateral 
direction and electron mobility is increased in a vertical 
direction. For a BJT which is a p-n-p transistor, electron 
mobility is increased in a lateral direction and hole mobil- 
ity is increased in a vertical direction. 
[0025] The compressive and tensile strain are created by apply- 
ing a stress film adjacent an emitter structure of the de- 
vice and atop a base film of the device. In this manner, the 
compressive and tensile strain are located in close prox- 
imity to an intrinsic portion of the device. The strained 
film is disposed in close proximity to the intrinsic portion 
of the device. A suitable material for the strained film is 
nitride. 

[0026] According to the invention, a bipolar device, comprises a 
collector region, a base film disposed atop the collector 
region, an emitter structure formed atop the base layer, 
and a stress film disposed adjacent the emitter structure 
and atop the base film. The stress film may be a tensile 
film or a compressive film, depending on the polarity of 
the bipolar device. 

[0027] The emitter structure may be "T-shaped", having a lateral 



portion atop an upright portion, a bottom of tlie upriglit 
portion forms a contact to tlie base film, and tlie lateral 
portion overhangs the base film. 
Brief Description of Drawings 

[0028] The structure, operation, and advantages of the present 
invention will become further apparent upon considera- 
tion of the following description taken in conjunction with 
the accompanying figures (FIGs.). The figures are intended 
to be illustrative, not limiting. 

[0029] Certain elements in some of the figures may be omitted, 
or illustrated not-to-scale, for illustrative clarity. The 
cross-sectional views may be in the form of "slices", or 
"near-sighted" cross-sectional views, omitting certain 
bacl<ground lines which would otherwise be visible in a 
"true" cross-sectional view, for illustrative clarity. 

[0030] In the drawings accompanying the description that fol- 
lows, often both reference numerals and legends (labels, 
text descriptions) may be used to identify elements. If 
legends are provided, they are intended merely as an aid 
to the reader, and should not in anyway be interpreted as 
limiting. 

[0031] Often, similar elements may be referred to by similar 

numbers in various figures (FIGs.) of the drawing, in which 



case typically the last two significant digits may be the 
same, the most significant digit being the number of the 
drawing figure (FIG). 
[0032] FIG. 1 is a schematic illustration of a BJT of the prior art, 
illustrating a generalized bipolar transistor structure and 
some fundamental principles of its operation, particularly 
charge flow. 

[0033] FIG. 2 is a simplified cross-sectional view of a BJT, illus- 
trating a particular type of emitter structure, according to 
the prior art. FIG. 3 is a simplified cross-sectional view of 
a BJT, fabricated according to the techniques of the 
present invention. FIGs. 4, 4A-4F are cross-sectional 
views of a sequence of steps used to fabricate a BJT, ac- 
cording to the invention. 

[0034] FIG. 5 is a cross-sectional view of a complete BJT, formed 
according to the steps illustrated in FIGs. 4, 4A-4F, ac- 
cording to the invention. 

[0035] FIG. 6 is a diagram showing lateral stress in in a BJT, ac- 
cording to the invention. 

[0036] FIG. 7 is a diagram showing vertical stress in the BJT of 
FIG. 6, according to the invention. 

[0037] FIG. 8 is a graph illustrating stress in the BJT of FIG. 6, ac- 
cording to the invention. 



Detailed Description 

[0038] In the description tliat follows, numerous details are set 
forth in order to provide a thorough understanding of the 
present invention. It will be appreciated by those skilled in 
the art that variations of these specific details are possible 
while still achieving the results of the present invention. 
However, well-known processing steps may not be de- 
scribed in detail in order to avoid unnecessarily obfuscat- 
ing the description of the present invention. 

[0039] |\/iaterials (e.g., silicon dioxide) may be referred to by their 
formal and/or common names, as well as by their chemi- 
cal formula. Regarding chemical formulas, numbers may 
be presented in normal font rather than as subscripts. For 
example, silicon dioxide may be referred to simply as "ox- 
ide", chemical formula Si02. For example, silicon nitride 
(stoichiometrically Si3N4, often abbreviated as "SIN") may 
be referred to simply as "nitride". 

[0040] In the description that follows, exemplary dimensions may 
be presented for an illustrative embodiment of the inven- 
tion. The dimensions should not be interpreted as limit- 
ing. They may be included to provide a sense of propor- 
tion. Generally speaking, it is the relationship between 
various elements, where they are located, their contrast- 



ing compositions, and sometimes tlieir relative sizes tliat 
is of significance. 
[0041] FIG. 2 illustrates a BJT 200 of the prior art, formed in a 

semiconductor substrate (not specifically shown). The BJT 
comprises a collector region 202, a base film 204 dis- 
posed atop the collector region 202 and an emitter struc- 
ture 206 formed atop the base layer 208. This type of 
emitter structure is referred to a "T-shaped" emitter - it 
has a vertical (upright) portion atop which is a horizontal 
(lateral) portion. The emitter structure 206 is typically 
formed of polysilicon. The bottom of the upright portion 
of the emitter structure 206 forms a contact to the base 
film 204, and in a region surrounding this contact, the 
emitter polysilicon overhangs the base film 204 with an 
insulator 208 which is typically silicon dioxide. The device 
200 is finished with steps (e.g., contact formation, etc.) 
well known to those knowledgeable in the state of the art. 
Examples of this type of BJT can be found, for example, in 
US Patent Nos. 5,117,271 and 6,667,489, and therefore 
require no further detailed discussion. In this example, 
the insulator 208 is adjacent the upright portion of the 
emitter structure 206, and on the surface of (atop) the 
base film 204. 



[0042] FIG. 3 illustrates a BJT 300, generally of the type illus- 
trated in FIG. 2, but fabricated according to the tech- 
niques of the present invention. The BJT 300 comprises a 
collector region 302, a base film 304 disposed atop the 
collector region 302 and an emitter structure 306 formed 
atop the base layer 304. Generally, strain in the device is 
created by removing the insulator layer 208 and replacing 
it with (applying) a film 308 which creates strain(s) in the 
intrinsic region of the device. The "stress" film 308 
preferably provides both compressive and tensile strain in 
this region. In this example, the film 308 is adjacent the 
upright portion of the emitter structure 306, and atop the 
base film 304. The film 308 is disposed in this region be- 
cause it is in close proximity to the intrinsic portion of the 
device. (The intrinsic region of the device is the portion 
directly under the vertical portion of the emitter polysili- 
con, such that it encompasses the flow of carriers from 
the neutral emitter into the neutral collector. The portions 
that provide connectivity, i.e. the emitter polysilicon, the 
portion of the base layer not under the emitter polysilicon, 
and most of the collector layer are considered extrinsic.) 

[0043] For a n-type (n-p-n) BJT, the film 308 is a compressive 

film. Because of the T-shaped structure of the emitter and 



the location of the film 308 - namely, adjacent the emitter 
structure and atop the base film, the film 308 imposes 
tensile strain in the vertical (as viewed) direction and com- 
pressive strain in the horizontal direction. (For a p-type 
(p-n-p) device, the film would be a tensile film, resulting 
in compressive strain in the vertical direction and tensile 
strain in the horizontal direction.) 
[0044] By removing the previous oxide film and replacing it with 
an intentionally stress film, the strain may be placed 
(located) in close proximity to the intrinsic portion of the 
device. The resultant increase in carrier mobility and satu- 
ration velocity has the effect of providing higher current 
drive and shorter transit time for improved RF device per- 
formance. 

[0045] Generally, the oxide 208 is removed late in the process, 
and the film 308 is deposited as late in the process as 
possible so that strains will be preserved. A stress nitride 
film with at least O.SGPa (Giga-Pascal) intrinsic stress is 
suitable for use as the film 308. 

[0046] An Exemplary Embodiment 

[0047] FIGs. 4, 4A-4F illustrate a sequence of steps used to form 
an embodiment of a BJT, according to the invention. FIG. 5 
illustrates a complete BJT, formed according to the steps 



illustrated in FIGs. 4, 4A-4F. 

[0048] As shown in FIG. 4, a plurality of spaced-apart shallow 
trenches 406a, 406b and 406c are formed in a lightly 
doped (n-) epitaxial layer 404 of silicon semiconductor 
material which has been deposited on a heavily doped 
(n+) single crystal silicon semiconductor subcollector or 
substrate 402. The shallow trenches 406a, 406b and 406c 
are filled with an isolation oxide 408. 

[0049] The isolation oxide 408 is suitably formed using well- 
known conformal oxide deposition and oxide polishing 
steps or other methods to bring the surface of oxide 408 
to the same level as the surface of epitaxial layer 404. At 
this point, the rightmost upstanding portion or mesa 410 
of layer 404, between trenches 406b and 406c, is sub- 
jected to an ion-implantation step which renders it heavily 
doped to the same concentration and conductivity type as 
substrate 402. The ion-implantation is suitably carried 
out using well-known lithographic and implantation steps. 
Upstanding portion or mesa 410 of layer 404 will ulti- 
mately form the subcollector reachthrough to substrate 
402 which is the subcollector of the device of FIG. 4J. 
Leftmost upstanding portion or mesa 412 of layer 404, 
between the trenches 406a and 406b, will ultimately form 



the collector of the finished BJT. 

[0050] Deep trenches (not shown) may optionally be formed. 

CMOS layers (not shown) may optionally be formed. (See, 
e.g., US Patent No. 6,448,124). 

[0051] After the ion implantation of the mesas 410/412, a layer 
of etch-stop material (preferably silicon dioxide) 416 and 
a thin layer of polysilicon 418 are deposited on the sur- 
faces of mesas 410 and 412 and on isolation oxide 408. 
This set of layers provide protection of mesa 410 from 
later processing and also provides a starting layer to pro- 
mote growth of the epitaxy of the next step. A region cor- 
responding to region 412 and overlapping regions 406a 
and 406b is defined through photolithography and the 
thin polysilicon layer 418 is etched, stopping on the thin 
etch-stop layer 416. Layers 416 is then etched, preferably 
with a wet etch process such as dilute HF, exposing the 
surface of mesa 412. 

[0052] Next, as shown in FIG. 4A, a layer 420 of silicon semicon- 
ductor material is deposited on the surface of mesa 412 
and on isolation oxide 408 using a nonselective epitaxial 
deposition technique. The layer 4 deposits as a polycrys- 
talline material on the oxide 408, as single crystal mate- 
rial on the surface of mesa 412, and as polysilicon on the 



thin polysilicon layer remaining over 416. The layer 420 is 
undoped. Included in the layer 420 is a thin portion which 
is doped to have a p-type conductivity. The layer 420 will 
form the base of the BJT. The layer 420 may also include 
an alloy of Silicon Germanium (SiGe) in order to form a 
heterojunction bipolar transistor (HBT). This layer 420 has 
a thickness of approximately 10-50 nm, over the mesa 
412 (in the openings), and over the layers 416 and 418. 

[0053] Layer 420 may be deposited using any well-known epi- 
taxial deposition technique which provides the desired 
polycrystalline and single crystal regions over oxide re- 
gion 408 and mesas 410 and 412, respectively. 

[0054] A preferred approach is to deposit layer 420 using a low 
temperature epitaxial (LTE) technique. Boron may be used 
as the p-conductivity type dopant and may have a doping 
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concentration of 5x10 - 5x10 cm . In this way, the 
deposited layer 420 is formed of boron doped silicon or 
silicon/germanium by simply introducing the appropriate 
constituents during the deposition step in a well-known 
way. 

[0055] Semiconductor substrate 402, layers 404, 418 and 420 
are all preferably made of silicon semiconductor material. 
However, it should be appreciated that other semiconduc- 



tor materials like gallium arsenide may also be used. Also, 
in FIG. 4A, the doped semiconductor regions such as sub- 
strate 402 and mesas 410, 412 are of n-conductivity type 
but these same regions may equally well be of p- 
conductivity type without departing from the spirit of the 
present invention. Typical n-conductivity type dopants are 
phosphorous, arsenic and antimony. 

[0056] Next, as shown in FIG. 4B, after the deposition of layer 
420, layers of oxide 422 and nitride 424 are deposited. 
These layers may be deposited in manners well-known to 
those skilled in the semiconductor fabrication art. The ox- 
ide layer 422, may alternatively be thermally grown using 
well-known prior art techniques provided oxidation takes 
place under conditions which do not lead to excessive dif- 
fusion of the intrinsic base dopant in layer 420 Next, the 
nitride layer 424 is opened up, using conventional lithog- 
raphy, to have an opening 426 where the emitter will be 
formed. The nitride 424 is suitably etched, using the un- 
derlying oxide 422 as an etch stop. Finally, (as shown in 
FIG. 4C), the oxide 422 is etched to expose the base layer 
420 in the opening 426. 

[0057] Next, as shown in FIG. 4C, the emitter 430 is formed by 
depositing and patterning polysilicon. For patterning the 



polysilicon, first a hard mask (e.g., oxide) 432 is de- 
posited on tlie polysilicon, lithographically patterned, and 
etched, leaving polysilicon which is over, but wider than 
the opening 426. This results in the "T-shaped" emitter 
structure which is shown. Finally, oxide sidewall spacers 
434 are deposited and etched. Note that the bottom of 
the emitter is in contact with the base layer 420. 

[0058] Next, as shown in FIG. 4D, the silicon nitride film 424 is 
removed, in its entirety. This may be done using a wet 
etch process such as hot-phosphoric etch, and results in 
the vertical portion and the underside of the horizontal 
portion of the "T-shaped" emitter being exposed. Finally, 
the silicon oxide 422 and the underlying base polysilicon 
420 and silicon 418 are patterned and etched (and are la- 
beled 422", 420' in this, and subsequent figures, respec- 
tively). The etch of the polysilicon film 420 and 418 uses 
the layer 416 as an etch stop layer, so that the reach 
through mesa region is not affected by this etch. 

[0059] Next, as shown in FIG. 4E, oxide film 416 is etched away 
to expose layer 420" and the reach through region 410. 
Oxide layers 434 and 432 may be engineered with lower 
etch rate or with greater thickness such that they remain 
following the removal of layer 416. For instance, layer 416 



may be deposited through an ozone TEOS process result- 
ing in a high etch rate and layers 434 and 432 may be de- 
posited with a CVD process that results in a lower etch 
rate. As also shown in FIG. 4E, silicide layers 440a 440b 
and 440c are formed through well known processes of 
metal sputter deposition, reaction and conversion. Be- 
cause the silicide forms only on exposed silicon layers, it 
forms does not form on the oxide layers. Because the 
metal is deposited through a sputter process, it is not de- 
posited beneath the overhanging regions of layer 430, 
leaving region 420"" without silicide. 
[0060] Next, as shown in FIG. 4F, a conformal stress film 450 
(compare 308) is deposited, covering all exposed sur- 
faces. This film is deposited typically with either a PECVD 
or an RTCVD process. In the case of the PECVD process, 
the stress is imposed through modifying the RF power of 
the deposition conditions and in the case of RTCVD the 
stress is imposed through modifying the precursor. To put 
things in perspective, exemplary approximate dimensions 
are: 

[0061] _ width (lateral dimension) of the mesa 412: 300-1000 
nm 

[0062] _ width of the mesa 410: 200-700 nm 



[0063] _ thickness (vertical dimension) of the oxides 406a,b,c: 
200-400 nm 

[0064] _ overall height of the emitter: 100 - 200 nm 

[0065] _ width of the emitter, at the top of the "T": 150 - 800 nm 

[0066] _ thickness of the top portion of the "T": 50-100 nm 

[0067] _ width of the vertical portion of the emitter: 50-200 nm 

[0068] _ height of the vertical portion of the emitter: 50-100 nm 

[0069] _ thickness of the base film 420 (420", 420"): 10-50 nm 

[0070] _ thickness of the underlying film 422: 20-100 nm 

[0071] _ thickness of the silicide 440: 20-60 nm 

[0072] _ thickness of the stress film 450: 10-50 nm 

[0073] In a final set of steps, shown in FIG. 5, processing for the 
BJT device 400 is completed by fabricating middle of line 
(MOL) oxide dielectric 452 and electrodes 454a,b,c,d. The 
electrode 454a extends to silicide 440a. The hard mask 
432 is opened up so that the electrode 454b can extend 
to the emitter 430. The electrode 454c extends to silicide 
440b. The electrode 454d extends to the silicide 440c on 
the mesa 410. 

[0074] As discussed above, for an n-p-n transistor the stress 



film 450 improves hole mobility in the lateral direction by 
creating lateral compressive strain, and improves electron 
mobility in the vertical direction is improved by creating 
vertical tensile strain. For a p-n-p transistor the stress 
film 450 improves electron mobility in the lateral direction 
by creating lateral compressive strain, and improves hole 
mobility in the vertical direction by creating vertical tensile 
strain. 

[0075] As illustrated in FIG. 4F, the stress film is "notched", it 
does not fill the entire space below the horizontal top 
portion of the "T-shaped" emitter 430. This is of no par- 
ticular significance, and the space could as well be filled. 

[0076] However, it should be understood that the invention is 
equally applicable in the case of emitter structures which 
are simply rectangular (in cross-section), rather than T- 
shaped. (Picture, if you will, an emitter structure without 
the overhanging vertical portion.) What is generally im- 
portant is that: 

[0077] _ the stress film (450) is disposed adjacent the emitter 

and on the base layer, 
[0078] _ the stress film extends laterally to the base contact 

electrodes 454a,c (FIG. 5). 
[0079] _ The stress film contains an intrinsic stress of greater 



than 0.5 GPa 
[0080] Simulation Results 

[0081] The simulated effect of the stress film is shown in FIGs. 
6-8. 

[0082] FIG. 6 shows a cross section of one half the device region 
of interest. Both axes are in distances, in microns. Only 
half the device is shown for simulation efficiency. The 
compressively stressed nitride film is atop the base film. 
Iso-stress lines representing the lateral stress is shown in 
the structure. Underneath the vertical portion of the emit- 
ter layer the lateral stress is compressive with the greatest 
quantity of stress near the interface between the base film 
and the emitter film. Underneath the compressive nitride 
film the base layer is in tension, also with the greatest 
magnitude near the surface. 

[0083] FIG. 7 shows the same structure as in FIG. 6, yet with the 
iso-stress lines representing the vertical stress. Both axes 
are in distances, in microns. Here, the base film under- 
neath the emitter films is in vertical tension, with the 
greatest magnitude near the surface. FIG. 7 also shows a 
horizontal "cut line" which represents the location of 
stress quantification in the graph in FIG. 8. 

[0084] FIG. 8 shows a graph of the stress at the location of the 



cutline. The horizontal axis is distance in microns, the 
vertical axis is in stress units. The positive values (above 
the horizontal line) represent a tensile stressed film. The 
negative values (below the horizontal line) represent a 
compressive stressed film. The edge of the intrinsic device 
(where the electrons flow vertically through this cutline) is 
at the dimension 0.10 microns. 

[0085] The two sets of data represent the lateral stress (SXX) and 
the vertical stress (SYY), and it can be seen that there is 
vertical tensile stress and lateral compressive stress within 
the intrinsic portion of this device. 

[0086] This demonstrates that the compressive nitride film has 
the desirable properties of creating vertical tensile stress 
and lateral compressive stress within the intrinsic portion 
of this device. 

[0087] Although the invention has been shown and described 
with respect to a certain preferred embodiment or em- 
bodiments, certain equivalent alterations and modifica- 
tions will occur to others skilled in the art upon the read- 
ing and understanding of this specification and the an- 
nexed drawings. In particular regard to the various func- 
tions performed by the above described components 
(assemblies, devices, circuits, etc.) the terms (including a 



reference to a "means") used to describe such compo- 
nents are intended to correspond, unless otiierwise indi- 
cated, to any component wliicli performs tlie specified 
function of tlie described component (i.e., tliat is func- 
tionally equivalent), even though not structurally equiva- 
lent to the disclosed structure which performs the func- 
tion in the herein illustrated exemplary embodiments of 
the invention. In addition, while a particular feature of the 
invention may have been disclosed with respect to only 
one of several embodiments, such feature may be com- 
bined with one or more features of the other embodi- 
ments as may be desired and advantageous for any given 
or particular application. 



